Angiogenesis induced by endothelial nitric oxide synthase gene through vascular endothelial growth factor expression in a rat hindlimb ischemia model.
Because the mechanism of the angiogenic property of nitric oxide (NO) was not fully understood in vivo, we focused on the role of vascular endothelial growth factor (VEGF) in angiogenesis induced by endothelial NO synthase (eNOS) gene transfer. After intramuscular injection of eNOS DNA into a rat ischemic hindlimb, transfection of eNOS vector resulted in a significant increase in eNOS protein 1 week after transfection. In addition, tissue concentrations of nitrite and nitrate were significantly increased in rats transfected with the eNOS gene up to 2 weeks after transfection. The increase in tissue nitrite and nitrate concentrations was completely inhibited by NG-nitro-L-arginine methyl ester (L-NAME). In contrast, serum concentrations of nitrite and nitrate and blood pressure were not changed by eNOS gene transfer. Importantly, overexpression of the eNOS gene resulted in a significant increase in peripheral blood flow, whereas L-NAME inhibited the increase in blood flow. Interestingly, basal blood flow was significantly lower in rats treated with L-NAME than in control rats. A significant increase in capillary number was consistently detected in rats transfected with the eNOS gene at 4 weeks after transfection, accompanied by a significant increase in VEGF. Moreover, administration of neutralizing anti-VEGF antibody abolished the increase in blood flow and capillary density induced by eNOS plasmid injection. Overall, intramuscular injection of bovine eNOS plasmid induced therapeutic angiogenesis in a rat ischemic hindlimb model, a potential therapy for peripheral arterial disease. The stimulation of angiogenesis by NO might be due to upregulation of local VEGF expression.